I n 2003, the food and drug administration (FDA) approved drug-eluting stents for the treatment of coronary artery disease. This decision was based on the results of clinical trials that compared a bare-metal stent with a drugeluting stent in highly selected patients. 1-10 Because of the magnitude of the treatment effect of drug-eluting stents in suppressing the recurrence of lesions, consistent positive reports from subsequent trials of small subgroups, and firsthand experiences, physicians extended the use of drugeluting stents to patients with clinical and anatomical features beyond those of patients in the FDA-approval trials. The use of drug-eluting stents in this context has been termed "off-label."
Recently, selected reports have questioned the safety of drug-eluting stents. 11-13 Consequently, the FDA convened an advisory panel to address this concern. After extended deliberation, the panel concluded that "as compared with on-label use, off-label use is associated with increased risks of stent thrombosis and death or myocardial infarction . . . and that the safety and effectiveness of drug-eluting stents as compared with those of alternative treatments deserve continued study." 14 With these considerations in mind, we evaluated the safety and effectiveness of off-label use of drug-eluting stents and compared our findings with the safety and effectiveness of bare-metal stents used in routine clinical practice. The database of the National Heart, Lung, and Blood Institute (NHLBI) Dynamic Registry was used for this analysis.
Me thods
The NHLBI Dynamic Registry has been described in detail. 15 In brief, the registry involves multicenter recruitment of consecutive consenting patients undergoing percutaneous coronary intervention (PCI) at selected clinical centers in North America during prespecified time intervals or "waves." Each center received approval from its institutional review board. Five recruitment waves of approximately 2000 patients each have been enrolled and followed over the past 10 years to examine trends in PCI (wave 1: 1997 to 1998, 2524 patients; wave 2: 1999, 2105 patients; wave 3: 2001 to 2002, 2047 patients; wave 4: 2004, 2112 patients; and wave 5: 2006, 2174 patients) . Data on baseline demographic, clinical, and angiographic characteristics and procedural characteristics during the index PCI, as well as the occurrence of death, myocardial infarction, and the need for coronary-artery bypass grafting (CABG) during hospitalization, were collected. Follow-up status was ascertained at 1 month, 6 months, and 1 year after intervention. Follow-up rates at 1 year were at least 90% for all waves. With the use of the Social Security Administration's Death Master File (www.ntis.gov/products/ssa-dmf.asp), coordinators periodically evaluated the vital status of patients who were lost to follow-up. If patients underwent subsequent repeat revascularization (either PCI or CABG), vessel-specific and lesionspecific data were collected whenever possible to determine target-vessel revascularization.
Study Population
For this analysis, only patients who received a stent as part of their index PCI were included. The study cohort was divided into two groups: patients receiving only bare-metal stents, and patients receiving only drug-eluting stents. During the recruitment of patients for waves 1, 2, and 3 (1997 to 2002) , only bare-metal stents were available; hence, of 6676 patients in these waves, 3858 (57.8%) received at least one bare-metal stent.
During the recruitment of patients for waves 4 and 5 (2004 and 2006) , however, both baremetal and drug-eluting stents were available. Of the 4286 patients in these waves, 2693 (62.8%) received at least one drug-eluting stent, 646 (15.1%) received bare-metal stents only, and 110 (2.6%) received both a drug-eluting stent and a baremetal stent. Because of the minority of patients in these two waves who received bare-metal stents, and because of the evidence of a large selection bias (i.e., more cardiogenic shock in patients with bare-metal stents), patients in waves 4 and 5 who received bare-metal stents alone or baremetal and drug-eluting stents were excluded to minimize ambiguity in the results. Thus, the total study population consisted of 6551 patients. Stent use in each patient was classified as standard or off-label.
Definitions
The use of stents was categorized as standard or off-label on the basis of the manufacturers' instructions for use for the Cypher sirolimus-eluting stent (Cordis) and the Taxus paclitaxel-eluting stent (Boston Scientific), and the classification was applied to both the bare-metal and the drug-eluting stent populations according to lesion criteria. For the Cypher stent, indicated use included treat-ment of lesions that were 30 mm or less in length in native coronary arteries that had a referencevessel diameter of 2.5 to 3.5 mm. 16 For the Taxus stent, indicated use was for lesions that were 28 mm or less in length in native coronary arteries that had a reference-vessel diameter of 2.5 to 3.75 mm. 17 Patients who received stents (either drug-eluting or bare-metal stents or both) and who met these criteria constituted the standard group.
The off-label group included patients who received a stent for reasons that did not meet the standard criteria (e.g., for a restenotic lesion, a lesion in a bypass graft, a lesion length >30 mm, or a reference-vessel diameter <2.5 mm or >3.75 mm), as well as those who had a lesion in the left main coronary artery or ostial, bifurcated, or totally occluded lesions. Acute myocardial infarction as an indication for the procedure was not included in the classification.
End points
The end points were death from any cause, myocardial infarction, and repeat revascularization (PCI or CABG). Myocardial infarction was diagnosed on the basis of evidence of at least two of the following: typical chest pain lasting more than 20 minutes and not relieved by nitroglycerin; serial electrocardiograms showing changes from baseline or serially in ST and T waves, Q-waves, or both in more than two contiguous leads; a rise in the creatine kinase (CK) level to more than twice the upper limit of the normal range with an increase in CK-MB of more than 5% of the total value; and an elevation in the troponin level to more than twice the upper limit of the normal range.
Repeat revascularization was defined as the combined end point of repeat PCI or CABG during the follow-up period. Repeat PCI was defined as any repeat PCI in the follow-up period, including revascularization of target lesions and target vessels.
Statistical Analysis
For each labeling indication, patient characteristics pertaining to the index PCI, including demographic characteristics, medical history, cardiac presentation, periprocedural medications, procedural characteristics, and in-hospital outcomes were compared between stent types with the use of Student's t-tests or Wilcoxon nonparametric tests for continuous variables and the chi-square test or Fisher's exact test for categorical variables. Similar methods were used for lesion-level analyses. One-year cumulative incidence rates of individual clinical outcomes and composite outcomes were estimated by the Kaplan-Meier method and tested by the log-rank statistic.
Multivariable Cox proportional-hazards regression modeling was used to estimate the independent effect of stent type (drug-eluting stents vs. bare-metal stents) in both the standard group and the off-label group. Sequential models were fit with the initial model including no covariates (unadjusted); the final model included covariates selected by forward stepwise methods and those considered biologically relevant. Proportionalhazards assumptions were evaluated and met for all outcomes with the exception of mortality among patients treated in an off-label fashion. Mortality in the off-label group was reassessed from discharge forward (with in-hospital deaths removed from the analysis) and the proportionalhazards assumption was met; thus, mortality was evaluated both from the time of the PCI (including the in-hospital period) and then again among patients discharged alive. All statistical analyses were performed with the use of SAS software, version 9.1, and a two-sided P value of 0.05 or less was considered to indicate statistical significance.
R e sult s

Baseline Characteristics
According to study definitions, 2110 of 3858 patients who received a bare-metal stent (54.7%) and 1312 of 2693 patients who received a drugeluting stent (48.7%) were treated in an off-label fashion. Patients receiving stents for off-label indications had more advanced heart disease than did those receiving stents for standard indications, with a greater likelihood of diabetes, hypertension, renal disease, previous PCI or CABG, and myocardial infarction, and a higher prevalence of triple-vessel disease (Table 1) .
Characteristics of the Lesions
In the off-label group, differences between patients treated with drug-eluting stents and those treated with bare-metal stents were noted in terms of lesion length and the specific indication for off-label treatment (Table 2) . Patients treated with drug-eluting stents had longer lesions (19.6 mm vs. 13.6 mm, P<0.001) and were more likely to have American College of Cardiology/American Heart Association type C lesions (37.1% vs. 22.5%, P<0.001). Patients treated with bare-metal stents more often had very small or very large arteries that were treated but had relatively fewer lesions that were longer than 30 mm or that were located at coronary ostia. There were no significant differences in periprocedural medication use or overall angiographic success between patients treated with drug-eluting stents and those treated with bare-metal stents. One year after treatment, a larger proportion of patients in the drug-elutingstent group than in the bare-metal-stent group remained on dual antiplatelet therapy (71.7% vs. 5.9%, P<0.001). 
In-hospital Outcomes
Rates of in-hospital death and myocardial infarction were low, and these events occurred more often among patients in the off-label group than among those in the standard group (1.3% vs. 0.4% [P<0.001] and 2.5% vs. 1.3% [P<0.001], respectively). In the off-label group, however, patients treated with drug-eluting stents had a lower mortality rate than did patients treated with bare-metal stents (0.5% vs. 1.9%, P<0.001), whereas there was no significant difference in the rate of myocardial infarction (2.0% vs. 2.8%, P = 0.11) between the two groups. When patients presenting with cardiogenic shock were excluded, the inhospital rates of death and myocardial infarction were similar between patients treated with drugeluting stents and those treated with bare-metal stents (data not shown).
End Points
One year after treatment, the following end points were lower in the standard group than in the off-label group: the unadjusted mortality rate (2.7% vs. 5.3%, P<0.001), the rate of myocardial infarction (3.8% vs. 5.3%, P = 0.002), and the rate of death or myocardial infarction (5.2% vs. 10.0%, P<0.001). Within the off-label group, patients with drug-eluting stents, as compared with those with bare-metal stents, had lower rates of death (3.7% vs. 6.4%, P<0.001), death or myocardial infarction (7.5% vs. 11.6%, P<0.001), and myocardial infarction (4.4 vs. 5.9, P = 0.06) (Fig. 1A, 1B , and 1C). As with the in-hospital outcomes, when patients presenting with cardiogenic shock were excluded, the relative unadjusted differences in safety end points according to stent type (drugeluting stents vs. bare-metal stents) remained similar (data not shown). Furthermore, mortality rates at 1 year across the five recruitment waves were similar (3.1%, 4.0%, 3.1%, 3.4%, and 2.5%, respectively; P = 0.23).
After adjustment for age, sex, circumstances of the procedure (elective, urgent, or emergency), history or no history of PCI, history or no history of CABG, presence or absence of chronic kidney disease, history or no history of congestive heart failure, presence or absence of diabetes mellitus, number of involved vessels, number of lesions for which revascularization was attempted, reason for revascularization, and medical regimen on discharge, off-label use of drug-eluting stents resulted in a lower incidence of myocardial infarction at 1 year than did the use of bare-metal stents (hazard ratio, 0.71; 95% confidence interval [CI], 0.50 to 1.00), but no significant differences were seen with respect to death (hazard ratio, 0.94; 95% CI, 0.64 to 1.38) or the combined end point of death or myocardial infarction (hazard ratio, 0.78; 95% CI, 0.60 to 1.02) (Fig. 2A) .
Unadjusted rates of repeat revascularization were lower among patients treated with drugeluting stents than among those treated with bare-metal stents, regardless of whether the stents were used in standard or off-label fashion (Table 3) . No significant difference was noted for the rates of repeat PCI in the off-label group between drug-eluting stents and bare-metal stents (Table 3) . After adjustment, however, the risk of repeat PCI (hazard ratio, 0.75; 95% CI, 0.61 to 0.93) and repeat revascularization (hazard ratio, 0.63; 95% CI, 0.52 to 0.77) were significantly lower among patients who received drug-eluting stents than among those who received bare-metal stents ( Fig. 2A) .
Subgroup Analyses
In prespecified analyses, adjusted safety and efficacy outcomes were also evaluated for each offlabel characteristic. For the outcome of death or myocardial infarction, the use of drug-eluting stents was at least as safe as the use of baremetal stents in all instances. The risk of repeat revascularization was lower among patients treated with drug-eluting stents than among those treated with bare-metal stents for most subgroups. When the stents were used for restenotic lesions, large-diameter vessels, and lesions in the left main coronary artery, no significant difference was found (Fig. 2B) .
Dis cus sion
We compared the safety and efficacy of off-label use of drug-eluting stents with that of bare-metal stents in a large cohort of patients who were undergoing PCI in North America. Our study showed that the use of drug-eluting stents as compared with bare-metal stents was associated with a lower risk of repeat revascularization at 1 year of follow-up. This beneficial effect was achieved without any excess risk of death or myocardial infarction.
Our findings are particularly relevant given recent published reports by Beohar et al. 18 and Win et al. 19 of worse clinical outcomes with offlabel use of drug-eluting stents than with standard use. Both groups reported a very high frequency of off-label use of drug-eluting stents. In the study by Beohar et al., 47% of patients received a drug-eluting stent for either an off-label or an untested indication, and in the study by Win et al., 55% of patients had at least one offlabel characteristic. Both studies indicate higher rates of acute and late ischemic complications among patients receiving drug-eluting stents for off-label as compared with standard indications. However, although both studies showed similar findings, the two groups of investigators arrived Shown are the adjusted hazard ratios and 95% confidence intervals (CI) for safety and efficacy outcomes at 1 year for drug-eluting stents and for bare-metal stents (reference category), stratified according to offlabel or standard use (Panel A) or stratified according to off-label characteristic (Panel B). Models were adjusted for age, sex, circumstances of the procedure (elective, urgent, or emergency), history or no history of percutaneous coronary intervention (PCI), history or no history of coronary-artery bypass grafting, presence or absence of chronic kidney disease, history or no history of congestive heart failure, presence or absence of diabetes mellitus, number of involved vessels, number of lesions attempted, reason for revascularization, and medical regimen at discharge from the hospital. In both panels, the solid symbols represent the adjusted hazard ratios, and the horizontal lines indicate the 95% CI. event rates were very high among patients receiving drug-eluting stents for off-label indications and that clinicians should be cautious in extrapolating the results of on-label randomized, controlled trials to higher-risk patients. 19 Although all these observations are important and probably valid, the findings of these two groups of investigators need to be taken in the context that neither had a comparison group with an alternative treatment strategy (e.g., baremetal stents). Such a comparison is vital to evaluate fully the potential adverse effects of drug-eluting stents and to determine specifically whether unfavorable outcomes are related to the clinical status of the patients and the types of lesions treated, rather than to the use of these devices per se. Our study confirms the findings reported by the investigators of the D.E.S.cover 18 and EVENT 19 trials -that off-label use of drug-eluting stents is common -since approximately half of the patients in our study had their stent procedure classified as off-label. Furthermore, in keeping with the findings of the two groups of investigators, we found that off-label use in general is associated with worse clinical outcomes than is standard use; specifically, the 1-year event rates of end points such as death and repeat revascularization are similar to those reported by Beohar et al. 18 and Win et al. 19 Extending beyond those two studies, we observed that off-label use of bare-metal stents also results in increased ischemic complications as compared with standard use. Furthermore, we found that patients treated with drug-eluting stents had significantly lower rates of repeat revascularization than did patients treated with baremetal stents, without an increased risk of death or myocardial infarction. These findings indicate that the overall poorer outcome with off-label than with standard use is most likely related to characteristics of the patients or lesions, rather than to a specific shortcoming of drug-eluting stents. In fact, if anything, our data indicate that the use of drug-eluting stents for off-label indications is as safe as, and more effective than, the use of bare-metal stents for similar indications.
One potential explanation for our findings may relate to the fact that the bare-metal-stent group in our analysis was treated a few years earlier (1997 to 2002) than was the drug-eluting-stent group (2004 and 2006) . Specifically, irrespective of differences in stent type, patients treated more recently could have benefited from changes in the technique of PCI and of adjunctive medical therapy for coronary artery disease. Changes in PCI techniques are unlikely to explain these findings, since the rates of procedural success and in-hospital outcomes in the earlier waves, in which bare-metal stents were used, as compared with the later waves, in which drug-eluting stents were used, were similar. In terms of the effect of medical therapy, although the percentages of patients who underwent PCI and were discharged on statins, angiotensinconverting-enzyme inhibitors, and dual antiplatelet therapy have increased over time and could introduce a temporal bias, these variables were accounted for in the adjusted models and are unlikely to represent a substantial portion of the effect seen with the use of drug-eluting stents. Our study also shows that the use of drugeluting stents for off-label indications is more effective than is the use of bare-metal stents in reducing the need for repeat revascularization after the initial stent procedure. The magnitude of this difference, however, is somewhat less than is observed among patients treated for standard indications. This difference is most likely related to the fact that the off-label group represents a patient population with more advanced and less responsive coronary artery disease. Nevertheless, the use of drug-eluting stents for off-label indications still resulted in an estimated 36% relative risk reduction in the need for repeat revascularization as compared with baremetal stents.
There are some limitations to our investigation. First, our study was based on an observational registry; it was not a randomized trial. Although we adjusted for several variables, it is possible that residual confounding could account for some of the observed differences between bare-metal stents and drug-eluting stents. However, despite our use of a nonrandomized, observational registry, the baseline, angiographic, and procedural characteristics were reasonably well balanced between patients treated with bare-metal stents and those treated with drugeluting stents in both the standard and the offlabel groups. We cannot exclude an unmeasured selection bias toward the use of drug-eluting stents in lower-risk patients in recruitment waves 4 and 5, when both bare-metal stents and drugeluting stents were available, but the baseline characteristics suggest otherwise. Rather, more adverse characteristics were generally seen in the drug-eluting-stent groups as compared with the bare-metal-stent groups, a finding that without optimal statistical adjustment could artificially attenuate or dilute the benefit seen with drugeluting stents. Nevertheless, we see the ability to report nonrandomized, real-world registry data from a large cohort of consecutive patients recruited from multiple centers as an advantage, not a weakness, in that these data are complementary to the data reported in randomized, clinical trials.
Another limitation of our study is the relatively short follow-up period. For example, in the Swedish study by Lagerqvist et al., 12 the crossover in events between drug-eluting stents and bare-metal stents did not occur until more than 1 year after treatment. Thus, longer-term data are needed to fully understand the risks and benefits of these treatments for patients with off-label indications.
In summary, our study shows that off-label use of drug-eluting stents as compared with bare-metal stents is not associated with a higher risk of death or myocardial infarction and is associated with a reduced need for repeat revascularization at 1 year. These findings support the use of drug-eluting stents in patients with offlabel indications.
